Abstract Background This study evaluated the effects of intravenous pantoprazole on gastric volume and acid output in elective-surgical patients. Methods This is a multicenter, randomized, pilot study of adult patients receiving intravenous pantoprazole: 40 mg every 24 h, 40 mg every 12 h (q12h) or 80 mg q12h. The first dose was administered 1 h before general anesthesia for surgery. All gastric fluid was aspirated through a nasogastric tube 1 h before dosing and through the postoperative period. Aspirate volume was recorded; pH and H ? concentrations were measured. Result Twenty-six patients were enrolled and 21 were evaluable. Pantoprazole was well tolerated. All regimens decreased gastric acid output and volume, and increased pH within 1 h of dosing. Effects were sustained for up to 12 h following single-dose administration. Conclusions Intravenous pantoprazole administered prior to anesthesia induction may be efficacious for the reduction of gastric volume and acid output, and for pulmonary aspiration prophylaxis in surgical patients.
Introduction
Aspiration of gastric contents at the time of anesthesia induction is a rare but serious complication that can lead to pulmonary morbidity and death in the perioperative period [1] [2] [3] . Patients at increased risk of gastric aspiration include children, the elderly, those undergoing emergency operations and abdominal surgery, and those with a history of delayed gastric emptying [1] [2] [3] . It has been demonstrated that a gastric pH of \2.5 and a gastric volume of [25 ml/h increases the risk of aspiration pneumonia [3, 4] . Several studies suggest that the risk of aspiration pneumonia is increased even at a pH of 3.5 [5] [6] [7] . Thus, increasing gastric pH and decreasing gastric volume may reduce the incidence of gastric content aspiration in patients undergoing surgery.
The efficacy of pantoprazole, a proton pump inhibitor given intravenously to suppress gastric acid secretion in patients with hypersecretory conditions such as ZollingerEllison syndrome (ZES) and in patients with gastroesophageal reflux disease (GERD), is well established [8] [9] [10] [11] . Antisecretory agents, including the H 2 -receptor antagonists and proton pump inhibitors, are also effective in increasing gastric pH and decreasing gastric volume in patients undergoing various surgical procedures, such as cesarean sections, general surgery, and gynecologic, lower abdominal, orthopedic, dental or ear/nose/throat operations [6, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Although potent acid suppressants are often used in obstetrical emergencies, there are no defined guidelines according to which these agents can be used in this or other perioperative settings [26] . Also, the timing of administration of these agents relative to surgery onset is not well defined. In elective-surgery patients, one study found that either intravenous pantoprazole or the H 2 -receptor antagonist ranitidine given 1 h before surgery was effective in reducing gastric volume and increasing gastric pH [25] .
To address the value of using an intravenous proton pump inhibitor to reduce the risk of aspiration, the primary objective of the current study was to assess the effect of three dosing regimens of intravenous pantoprazole on gastric acid output, gastric volume, and gastric pH in patients undergoing major elective surgery. Secondary objectives included assessing the difference between a 2-and 15-min infusion rate and the effect of intravenous pantoprazole on the risk of aspiration pneumonia.
Methods

Setting
This was a randomized, parallel-group, single-blind (blinded to the physician, who assessed safety), pilot study conducted in patients undergoing major elective surgery at eight US centers between October 2000 and November 2002. The study protocol was approved by the institutional review board at each site and was conducted according to the Declaration of Helsinki.
Study Drug
A 40 mg dose of pantoprazole for intravenous injection was provided as a lyophilized powder formulation in openlabel, sealed glass vials. Doses were prepared for infusion by the pharmacy at the study site by reconstitution with normal saline.
Patients
All patients provided written, informed consent. Patients eligible to participate in the study included men or nonpregnant women aged 18-76 years who were undergoing elective, nontransplant, abdominal surgery (that did not affect the esophagus/stomach or duodenum above the ligament of Treitz) lasting between 2 and 10 h from incision to closure, and who would otherwise undergo the routine placement of a nasogastric (NG) tube for C24 h. Only those patients who had an anticipated endotracheal intubation for \24 h after discharge from the operating room and likely uncomplicated recovery were enrolled in the study. Additionally, study participation required that the patients be able to tolerate the insertion of an NG or orogastric (OG) tube without sedation and remain without any food by mouth [nil per os (NPO)] for the duration of the study. Patients were required to have a gastric aspirate pH of B3.0 in at least one of four aliquots of the baseline collection to ensure acid-secreting capability.
Patients excluded from study enrollment were those with any clinical signs/symptoms of aspiration pneumonia on screening chest X-ray or those with presence of grossly bloody or coffeeground material in NG/OG tube aspirate prior to surgery. Additionally, patients were excluded if they had significant acute and/or concurrent medical diseases; history of or current upper gastrointestinal bleed, erosive esophagitis, peptic ulcer disease (within the past year), transplant surgery, ZES or other severe/serious hypersecretory condition; history of vagotomy; and those who had vascular surgery (except small uncomplicated aortic aneurysm repair). Patients with metastatic malignancy, except those with localized liver metastasis with normal liver function tests, were excluded (localized cancers were permitted), as well as those with a history of, or current, eye disorders that required continuing medical therapy. Patients who had a history of substance abuse or who had had treatment for alcohol abuse within the year prior to enrollment were excluded. Additionally, only 25% of enrolled patients (nine patients) were positive for Helicobacter pylori at screening; thus, any patient beyond this number was excluded from the study. Patients were excluded from study entry if they had used H 2 -receptor antagonists, gastrointestinal promotility drugs, or sucralfate within 24 h of planned surgery or proton pump inhibitors within 72 h of surgery. Any patient who was exposed to an investigational drug or investigational dosage of other marketed drugs within 30 days of the screening visit was excluded from the study.
Study Design
Patients were randomized to receive pantoprazole following one of six treatment regimens: 40 mg every 24 h (q24h), 40 mg (q12h), or 80 mg q12h, each given as a 2-or 15-min infusion for up to 72 h. Patients were NPO after midnight prior to the day of surgery. On the day of surgery and before sedation, patients had an Anderson 16 or 14 French NG/OG tube inserted. Tube placement in the stomach was verified by auscultation while injecting air through the tube and by recovery of [90% of infused water. Stomach contents were evacuated prior to beginning aspirate collection for the determination of basal acid output (BAO). Gastric secretions were collected at 15-min increments for 1 h prior to infusion of the study drug to assess the patient's BAO; the pH of these initial aspirates was also measured.
The first infusion of the study drug was started approximately 60 min (±30 min) prior to the induction of anesthesia. Subsequent doses were administered every 12 or 24 h depending on the patient's treatment assignment. The study drug was to be administered for C24 h. However, some patients terminated treatment after one dose. After the start of infusion, all gastric secretions were collected until the induction of anesthesia (minimum of two samples taken every 15 min). After the induction of anesthesia and throughout surgery, all gastric secretions were collected every 30 min for the first 12 h and then at 1-h intervals until the NG/OG tube was removed. Each gastric collection was analyzed for gross appearance (color and presence or absence of coffee grounds) and volume. Occult blood testing was performed on gastric samples as necessary (Gastroccult . If clinical signs of pneumonia were present, a sputum specimen was obtained and cultured, and an antibiotic sensitivity analysis was performed. For consistent evaluations, all patients received prophylactic antibiotic treatment during the pre-, peri-, and postoperative periods. A diagnosis of pneumonia required the following: radiographic findings of a new or evolving infiltrate(s) not related to another disease process; fever defined as an oral temperature of[38°C, a tympanic temperature of[38.5°C, a rectal/ core temperature of [39°C, or hypothermia defined as a rectal/core body temperature of \35°C; and a white blood cell (WBC) count of [10,000/mm 3 , 15% immature neutrophils (bands) regardless of total peripheral WBC count, or leukopenia (WBC \ 4,500/mm 3 ). In addition, a diagnosis of pneumonia required the presence of at least three of the following: (1) new or increased cough, (2) new onset of purulent sputum production or respiratory secretions or a change in the character of sputum, (3) auscultatory findings on pulmonary examination of rales and/or evidence of pulmonary consolidation (dullness on percussion, bronchial breath sounds or egophony), (4) dyspnea, tachypnea, or a respiratory rate of[20 breaths/min, particularly if any or all of these were progressive in nature, (5) hypoxemia with a PaO 2 of \60 mmHg (as determined by arterial blood gas), an oxygen saturation of \90% (as determined by pulse oximetry) while the patient was breathing room air, or respiratory failure requiring mechanical ventilation, (6) tachycardia of [90 beats per minute, (7) pleuritic chest pain, and (8) new or worsened confusion.
Patients were instructed not to discuss their dose or dose frequency with the designated safety physician at each study site, who was blinded to patients' treatment assignments. Patients were monitored for up to 2 days during the period of hospitalization (the treatment period), for 48 h following the last dose of the study drug (the short-term follow-up period), and for 30 days if they had experienced a serious adverse event (long-term follow-up period). Patients were withdrawn at any time if they were unable to remain in the study for C24 h postoperatively or if they experienced a clinically significant upper gastrointestinal bleeding episode. Patients were allowed to withdraw from the study at any time and for any reason. If patients were withdrawn from the study prematurely, the investigator documented the reason for the withdrawal and conducted a complete clinical evaluation. If a patient withdrew due to an adverse event (AE), the principal investigator followed the patient until resolution of the AE.
Patients were allowed to use oral antacids up to the start of the NPO period. Any medications considered essential to the patients' welfare were continued during the study period, except for oral antacids, proton pump inhibitors other than the study drug, H 2 -receptor antagonists, sucralfate, and gastrointestinal promotility drugs. All medications taken within 1 month of study entry and throughout the study were recorded.
Outcome Measures
Primary efficacy end points were the assessment of hourly gastric acid output, volume, and pH. In post hoc analysis, gastric volume and pH were used to assess the risk of aspiration pneumonia. Specific criteria used as surrogates for the risk of aspiration pneumonia included the following: (1) gastric aspirate volume of [25 ml/h, (2) C1 gastric aspirate pH measurements of \2.5, (3) C1 gastric aspirate pH measurements of \3.5, (4) C1 gastric aspirate pH measurements of \2.5 or volume of [25 ml/h, and (5) C1 gastric aspirate pH measurements of \3.5 or volume of [25 ml/h. These criteria were applied to gastric aspirates collected at baseline and during each of the first three hours following study drug administration. In addition, chest X-rays were performed and signs and symptoms of pneumonia were evaluated at 48 h after the last dose of the study drug to monitor for the presence of pneumonia. The specific clinical, radiological, and microbiologic criteria detailed above were required to confirm a diagnosis of pneumonia.
Safety Analysis
Safety was monitored by complete physical examination, vital signs, and clinical laboratory evaluations. All patients underwent continuous clinical, laboratory, and other special monitoring procedures as mandated by their underlying condition and surgical procedure. Although any pneumonia cases that occurred during the treatment and short-term follow-up periods were considered an outcome measure, cases of pneumonia that occurred after the 48-h chest X-ray and during the 30-day period following the last dose of the study drug were recorded as an AE. A fundoscopic evaluation was performed at baseline and again at 48 h after the last dose of the study drug.
Statistical Analyses
A signed rank test was performed to assess the changes from baseline for the hourly volume, gastric pH, and acid output. Median values were compared to assess the effect of the dose regimen and infusion duration. The changes from baseline in volume, gastric pH, and acid output were compared between the 40 and 80 mg groups over the first 12 h using a Student's t-test on the ranks of the changes from baseline.
Results
Patients
Patient randomization and baseline demographics are summarized in Fig. 1 and Table 1 , respectively. A total of 26 patients were enrolled, with 21 patients included in the modified intent-to-treat analysis (MITT). The MITT analysis excluded five patients who did not have a gastric aspirate pH of B3.0 in at least one of four aliquots during the baseline period. The study was discontinued prematurely due to slow enrollment. All patients were included in the safety analyses. Four patients discontinued the study prematurely, one due to an AE (bleeding after placement of the NG tube) and three due to protocol violations. All patients underwent elective abdominal surgery, with a mean procedure duration of 5.2 h. Seventeen patients (65.4%) had colonic resection (partial or hemicolectomy) and three patients had ventral hernia repair (one of whom also had a transurethral resection of the prostate). The remaining eight patients had the following procedures: subtotal colectomy, removal of an insulinoma, exploratory laparotomy with lysis of adhesions, Whipple procedure, resection of a pelvic sarcoma, and liver wedge resection. A total of 24 patients were taking one or more medications prior to study entry, and all patients received concomitant medications during the study, most commonly anesthetics, analgesics, antibiotics, and anticoagulants.
Efficacy
The effect of the dosing regimen (40 mg q12h versus 40 mg q24h versus 80 mg q12h) on gastric acid output, volume, and pH is shown in Fig. 2 . Although the sample size was too small to allow statistically meaningful comparisons, the figure shows that gastric volume and acid output declined and gastric pH increased in all three groups during the first hour after administration of the study drug. The antisecretory effect was even more pronounced during the second hour following pantoprazole administration, and by the third hour median acid output was zero and gastric volume was minimal. The antisecretory effect continued through the end of the gastric aspirate collection period in all groups.
Data for the 40 mg groups were pooled, as were all data for the 80 mg groups, during the first 12 h after study drug administration, in order to perform statistical comparisons of the effect of the initial dose on gastric acid output and volume (Fig. 3) . Both the 40 mg and the 80 mg doses of pantoprazole significantly lowered gastric acid output and volume at all time points (P \ 0.023 and P \ 0.008, respectively) compared with baseline, except for the 1-h time point in the 80 mg group by gastric volume measure. There were no significant differences between the two doses at any time point. The effect of the infusion rate (2 versus 15 min) during the first 12 h on gastric acid output is illustrated in Fig. 4 ; because the two 40 mg groups (every 12 h and every 24 h) received the same dose over the first 12 h, data from these two groups were combined. The infusion rate did not markedly affect the gastric acid output, gastric acid volume, or pH.
The percentage of patients who were at risk of aspiration pneumonia using criteria of a pH of \2.5 or volume of [25 ml/h is shown by treatment group in Fig. 5 . All patients in the MITT population met at least one criterion for risk of aspiration pneumonia prior to infusion of the first pantoprazole dose. During the first hour, approximately two-thirds of the patients had a gastric pH of \2.5 or volume of [25 ml/h. During the second hour, only 29% of patients met these risk criteria. By the third hour, no patients met either risk criterion.
When using aspiration risk criteria of a gastric pH of\3.5 or volume of[25 ml/h, 86% of patients experienced one of these risk criteria during the first hour (data not shown). During the second hour, this percentage decreased to 29%, and by the third hour only 9.5% of patients had a gastric pH of \3.5 or volume of [25 ml/h; no patients met either risk criterion by the seventh hour. Although a greater percentage of patients receiving the 80 mg dose reached the critical thresholds for risk reduction for aspiration pneumonia earlier than patients receiving 40 mg pantoprazole, the sample size was too small to draw definitive conclusions regarding the optimal dose. None of the patients had signs or symptoms of pneumonia at the 48-h follow-up assessment.
Safety
A total of ten patients (38.5%) reported a total of 22 AEs during the study period. Of these, eight patients reported 16 AEs that were definitely not related to study drug as determined by the investigator; one patient reported two AEs that were possibly related to the study drug (confusion, anxiety); and one patient reported four AEs that were probably related to the study drug (nausea, headache, salivation, abnormal taste). The most commonly reported AEs included nausea, pyrexia, and anxiety. One patient in the 80 mg group discontinued the study due to an AE (blood in the gastric aspirate due to trauma associated with NG tube placement). There were three patients with serious AEs, none of which was considered related to the study drug. No deaths occurred during the study, and there were no clinically important changes in vital signs, laboratory evaluations, or physical examinations. No patients had any signs of optic-nerve swelling or disc pallor, and the disc size was equal bilaterally for all patients at each assessment.
Discussion
The results of this study show that in NPO elective-surgery patients, both the 40 and 80 mg dose of intravenous pantoprazole decreased gastric acid output, lowered gastric volume below 25 ml/h, and raised gastric pH above 2.5. The reduction of gastric acid output and volume and increase in pH were evident within the first hour after study drug administration. These results suggest that the risk of aspiration was reduced during the first hour following study drug administration and was further reduced in the third hour.
Although a pH of \2.5 is cited most often in the literature as the threshold for increased risk of aspiration pneumonia, there is evidence that pneumonitis can occur after inhalation of gastric material at a pH of 3.5 [5] , and subsequent studies have used this more conservative criterion for assessing the risk of aspiration pneumonia [6, 7] . Using this criterion, 86% of patients had at least one gastric A previous randomized, controlled trial conducted by Memis et al. [25] evaluated the effects of intravenous pantoprazole, ranitidine, and saline in patients undergoing elective surgery. The findings of this study, similar to current study, showed that both pantoprazole and ranitidine administered 1 h prior to surgery significantly increased pH and decreased gastric volume compared with saline (P \ 0.0005 for both comparisons). Other studies have evaluated the effect of other proton pump inhibitors on acid control and have found them to be effective in the perioperative setting [6, 12, 14, 16-18, 23, 27] .
However, because the present study evaluated intravenous pantoprazole, the results can best be compared with other studies that have evaluated proton pump inhibitors using intravenous formulations. A study conducted by Rocke et al. evaluating the effect of intravenous omeprazole versus placebo in women undergoing emergency cesarean sections found that the addition of 40 mg intravenous omeprazole to an antacid regimen increased pH to above 3.5 (P \ 0.001 compared with placebo) and lowered gastric residual volume at both intubation (P = 0.006 compared with placebo) and extubation (P = 0.01 compared with placebo) [6] . Another study by Tripathi et al. [16] , also conducted in women undergoing emergency Cesarean sections, found that intravenous omeprazole increased gastric pH significantly more than intravenous ranitidine (P \ 0.05), although the authors concluded that the difference between therapies was not clinically relevant. Atanassoff et al. [14] evaluated the effect of a single dose of intravenous omeprazole versus a single dose of intravenous ranitidine on gastric pH in patients undergoing lower abdominal surgery and found that 20 and 40 mg omeprazole increased gastric pH C2.5 after a median of 80 Fig. 5 The percentage of patients with at least one gastric aspirate who met the criteria for risk of aspiration pneumonia by dose at baseline and during the first 3 h following drug administration, treated population: volume [25 ml/h, pH \ 2.5, and volume [25 ml/h or pH \ 2.5. Modified intent-to-treat population and 40 min, respectively . Patients receiving 25 or 50 mg intravenous ranitidine attained this same threshold at a median of 32 and 44 min, respectively [14] .
Of note, the Atanassoff study evaluating omeprazole and ranitidine found that the optimal time to administer antisecretory agents is 30-45 min prior to surgery [14] . The study conducted by Memis et al. [12, 25] evaluating pantoprazole and ranitidine showed that the optimal time to administer these agents was 1 h prior to surgery. The present study was designed so that patients received their pantoprazole treatment assignment approximately 1 h prior to the induction of anesthesia. However, the results indicate that, although acid suppression was apparent during the first hour after surgery, the effect was more pronounced during the second hour. These data suggest that it may be beneficial to administer pantoprazole 2 h prior to the induction of anesthesia in order to attain maximum benefit within the first hour after onset of surgery; however, further study is required. Overall, the results of the present study are consistent with the above studies and add to the body of literature suggesting that intravenous proton pump inhibitors adequately control gastric acidity and, more importantly, reduce the risk of aspiration.
The current study has some limitations that should be considered. First, enrollment in the present study was slow, and the study itself was discontinued prematurely. Thus, the trial, which was designed as a pilot, was not adequately powered to make definitive conclusions regarding the effect of intravenous pantoprazole on the control of acid output or the risk of pneumonitis in patients during the perioperative period. Furthermore, there was no placebo control group, so only limited conclusions can be drawn regarding the effect of pantoprazole on acid suppression. However, in the previously discussed study by Memis et al. [25] intravenous pantoprazole was effective in increasing pH and lowering gastric volume compared with saline. Other studies have evaluated various other proton pump inhibitors (including lansoprazole, omeprazole, and rabeprazole) against placebo in elective-surgery patients, and have shown that the effects of acid suppression are related to the study drug whether given intravenously or orally [6, 12, 17, 18, 23, 27] .
In summary, the results of this study suggest that 40 or 80 mg intravenous pantoprazole administered prior to anesthesia induction may be efficacious for gastric volume and acid control and pulmonary aspiration prophylaxis in NPO surgical patients. In addition, intravenous pantoprazole was well tolerated in this patient population. As this was a pilot study, further investigation would be required to confirm the optimal dose.
